In recent years, the rapid growth of road traffic density generates a rising request for tools that can be used to analyze and control the traffic networks. The Microscopic traffic simulation is one of the major tools used in the analysis of traffic systems; it provides a very detailed study of the interaction between the elements of the traffic network. Thus microscopic traffic simulation has become an ever increasing field of research and development.
INTRODUCTION
The theoretical characteristics of the simulation of traffic systems and mathematical analysis must be applied and evaluated in accordance to reality. The process of evaluation will determine the effectiveness of the provided model. Hence, the combination between the mathematical analysis and Microscopic Traffic Simulation has proven to be one of the most useful tools for analysis of various traffic systems .
The microscopic simulation focuses on the study of each component of the traffic system individually; every individual vehicle is modeled as a single simulation object. These simulated vehicles drive along the streets, change traffic lanes and their driving directions as they interact with each other. Each simulated vehicle has its own immediate position, speed, and acceleration in the traffic flow … etc. The most important models in this area are the car following model [9] and cellular automaton model [10] .
In the mathematical analysis, Traffic flow has been considered as a stochastic process. [22] proposed the idea of vehicles arrival at the entry of lane as a random process and verified its relevance to theory and observations. Afterwards, (Greenberg 1966) [23] has found a connection between the microscopic traffic flow theory and the lognormal follower headway distribution. In 1993 Heidemann [24] developed a new approach in which he applied the theory of stochastic processes to analytically derive the headway distribution as a function of traffic density . His approach may provide a link between the macroscopic traffic flow theory and the headway distributions.
Multi-Agent System has brought a new vision to study the microscopic phenomena and complex situations with emphasizes the interactions of components of the systems. In literature, the MAS is one of the newest area of research in the artificial intelligence (AI), it has started in the early 90s with (Minsky 94) [25] , (Ferber 95) [26] , as an attempt to enrich the limits of classical AI [11] . The foundations of the MAS are interested in modeling human behaviors in the real world with mental notions such as knowledge, beliefs, intentions, desires, choices, commitments (Shoham, 1993) [27] .
There are various definitions of the concept agent [12, 13, 14] in the contemporary literature; however, the adopted definition which covers the characteristics of agents developed in the new model, is that proposed by Jennings, Sycara and Wooldridge (JEN 98) [28] : For Jennings, Sycara and Wooldridge an agent is a computer system, located in an environment, which is autonomous and flexible to meet the objectives for which it was designed. As far as MAS is concerned, according to Ferber (Ferber 95) [30] a MAS is a system composed of the following: Environment, a set of objects in space; a set of agents who are active entities of the system; a set of relationships that binds objects together; a set of operations allowing agents to perceive, destroy, create, transform, and manipulate objects. Therefore, the main objective of the research is to develop a new microscopic approach in the MAS combining the notion of theoretical mathematic model, especially the statistic model, and the main characteristics of the Multi-agent System. Such a combination would pave the way for a real description of the phenomena.
The application of the statistic model on the traffic problems had been used in the last decades. Certain applications, such as Poisson Law distribution, were discussed by Kinzer [15] in 1933, Adams [16] in 1936, and Green shield [17] in 1947.
In this paper, in order to improve the accuracy of simulators, therefore the accuracy of the results obtained, a new hybrid approach is proposed to improve the effectiveness of the simulation. The structure of this paper is divided into five sections; the first section provides a general overview microscopic simulation. The second section describes the new architecture. Section three presents the combination of the new model and AIMSUN2 Simulation Process. The experimental results are presented and discussed in Section four. Finally, Section five concludes the paper.
MULTI-AGENT ARCHITECTURE DESCRIPTION
In traffic simulation two processes can be distinguished. First of all, the initialing process is composed of modules responsible of starting the simulation. The second process or the main process is, in the case of proposed architecture, comprised of multiple interacting intelligent agents.
The main process consists of a distribution model which is used to define the affectation method in the network. The interaction model is used to regulate the interactions between the agents.
In design of this architecture, the aim was to explicitly build a distributed and decentralized solution, where each agent performs its own task. The resulting architecture will then capitalize on effective use of distribution to avoid bottlenecks and achieve scalability with an increase in a number of transactions.
The architecture is schematically depicted in Fig. 1 which shows the architectural components. The Main Agent (MA), which is the main element of this architecture, serves to distribute the Execution Agents (EAs) -vehicles -in the network following the distribution model and supports these agents to locate all required resources designed by Zone Agent (ZA). This latter present the ground in which the (EAs) interact among each other according to the interaction model.
ZA is the agent responsible of building network from a database that contains all the elements necessary to build a network (roads, crossroads ...). Besides, during the simulation, it provides all information about the positions of EAs to the Control Agent (CA).
CA is designed to build a re-active and persistent architecture. This agent records the evolution of architecture caused by changes of existing resources in the interaction database which discern the change in the behaviors of the EAs.
In the proposed approach, CA collect all information of the execution agents Thus, the accumulated information could be shared between agents, increasing overall efficiency of the system. During registration, the MA aims to retrieve EAs' characteristics in the interaction database; hence, EAs update their knowledge about the other agents. This process of update is decided according to the collected information by the CA. Figure 1 sheds light on the links between all agents and models of the architecture. In order to simplify the simulation, the use of execution agents is limited to vehicle.
STOCHASTIC DISTRIBUTION AND THE INTERACTION MODEL

Distribution model
Modeling the entry of vehicles in the lane presents a crucial step in traffic flow modeling. The distribution model is used to simulate the entry of vehicles in the network and describe how vehicles arrive at a section. The theoretical study of conditions affecting the traffic of vehicles on a lane requires the constant use of probability theory. Modeling the vehicle arrivals at the level entry can be produced in two related methods. The first one focuses on number of vehicles arrived in a fix interval of time, the second one measures the time interval between the successive arrivals of vehicles. The vehicle arrival is obviously a random process. Observing the arrivals of vehicles at the entry of the road, one can notice different patterns; some vehicles arrive at the same time, others arrive at random instances.
The distribution of vehicles follows arbitrary patterns which makes it impossible to predict the number of vehicles in each lane. Thus, considering sequence (Tn) n ≥ 0 in which T presents the time of entry of vehicles in the lanes. This process applies to many situations such as the arrival of customers at the CTM, the emission of radioactive particles…etc Generally speaking; this type of process is relevant to recurrent cases. In the new model, the entry of vehicles is considered as following:
T presents the successive time of the entries. Therefore, the sequence (Tn) n ≥ 0 is random variables in R+, the set of positive real numbers Tn is a stochastic process which verifies:
1. The number of events at the beginning of the process is zero; T0 = 0 .
The process has independent increments:
T0<T1<T2<… <Tn, the series is strictly increasing which proves there are not two simultaneous entries.
The process has stationary increments:
Tn tends to +∞ as n tends to +∞ In this sense, this process is associated with a counting process which provides at each instant t, the number N(t) of entries in the interval of time [0, t] . (N(t)) t E R+ is a stochastic process [21, 22, 23] in continuous time, which verifies:
1. :  t ,0≤ t 1 ≤ t 2 ≤ …≤ t k , the random variables N(t i +1 ) -N (t i ), 0≤ i ≤ k -1, are independents.
This property expresses the fact that increase process is independent.
2. The number of entries in an interval of length h follows the law of Poisson of a parameter h These properties are verified by the above mentioned phenomena, and are characteristic of the Poisson process. The coefficient of proportionality  involved in the second property is the average number of vehicles per unit of time . We note: Nt ~ P t . if Nt ~ P(t), and then the waiting time between two successive realizations T (= ∆t) is a random variable distributed according to the exponential law Exp  density e − t for t > 0
In the following, U is independent realizations of the uniform distribution on 0,1 , then
When T reaches the value T 0i =T 0i-1 +∆t i , with ∆t i =-(lnU)/, the i th vehicle starts with the speed V 0i (see algorithms generating vehicles)
Algorithms generating vehicles
The algorithm calculates for each vehicle I, the time of entry into the network T 0i and the initial speed V 0i .
T 0i is calculated by incrementing T 0i-1 with the value ∆t i which is distributed according to the exponential law Exp(), where  is the average number of vehicles per unit of time. While "V0i" is distributed according to a normal distribution with average Vem -Vem presents the average speedand standard deviation σv -σv presents the standard deviation of speed-.
Interaction model
The interaction between vehicles in the traffic system is approached by various car following models like Pipes and Forbes. Pipe's model states that the minimum safe distance between two vehicles increases accordingly with speed. Forbers' model focuses on the reaction time needed to decelerate and apply the brakes. Other models are presented the 
In microscopic models, traffic is described at the level of individual vehicles and their interaction among each other. Normally, this behavior is captured in some set of rules which determine when a vehicle accelerates, decelerates, changes lane; in addition, it regulates how and when vehicles choose and change their routes according to their destinations, and how they react to traffic and route information along the way. 
THE COMBINATION OF THE NEW MODEL AND AIMSUN2
In this section, the proposed hybrid method incorporates the AIMSUN2 process , especially the equation of acceleration and deceleration , whose performance and results in practice proved valid and credible. AIMSUN2 (Ferrer & Barceló, 1994 ) was one of the first microscopic models ever developed; it aims to create a tool that could reproduce the dynamic aspects of traffic modeling and provides a very detailed road network.
According to Gipps [21 ] in the AIMSUN2 , the speed of the vehicle i-1 is controlled by three conditions. The first condition ensures that the vehicle does not exceed the average speed . The second condition ensures that the vehicle is accelerated to the desired speed with a rate of acceleration which increases the initial speed. The third condition ensures the decrease of the vehicle speed to zero as it approaches the desired speed. The combination of these conditions results in equation (1) If Xn(t) and Xn+1(t) are the positions of the leader and follower respectively at time t then:
Taking into consideration this equation, (Gipps, 1981) , (Mahut, 2000) [26] , develops an empirical model consisting of two components: acceleration and deceleration defined as a function of variables that can be measured. The first represents the intention of a vehicle to achieve certain desired speed; while, the second reproduces the limitations imposed by the preceding vehicle when trying to drive at the desired speed. This model states that the maximum speed a vehicle (n) can accelerate during a time period (t, t+T) is given by:
Where Vn(t) is the speed of vehicle at time t (km/h); an is the maximum desired acceleration rate of vehicle n (m/s); T is the driver's reaction time (s); and Vn is the desired speed of vehicle n or the vehicle-specific free-flow speed (km/h).
The limitation imposed by the presence of the leader vehicle is:
Where: d (n) (< 0) is the maximum deceleration desired by vehicle n; x (n, t) is position of vehicle n at time t; x (n-1, t) is position of preceding vehicle (n-1) at time t; s (n-1) is the effective length of vehicle (n-1); d' (n-1) is an estimation of vehicle (n-1) desired deceleration. AIMSUN2 process is characterized by different types of traffic control including traffic light, the priority of the ways, and ramp metering. In this model see figure 4 . In this sense, the new model (see figure 5 ) is based on the same process, except that inclusion of the distribution model and the interaction model. Both inserted models make the simulation more real and the results more eligible. 
Initializations
)
) 
EXPERIMENT AND VALIDATION
In this section, in order to assess the performance of the proposed hybrid algorithm, a series of experiments is conducted to illustrate that the proposed distribution model and interaction model can improve the microscopic traffic simulation.
We present two sets of experimental results. Our first set of experiments examines the input speed of the vehicles in a section of the road; the second one evaluates the speed average in an interval of speed. Both sets of experiments are compared to the observed results during one hour of real interaction, see (table 2& table 3 
CONCLUSION
This work discussed the randomly distributed simulation of the road traffic. It described the main aspects of the general computer simulation and the specific features of the computer simulation in the field of road traffic. The first section introduced the topic. The second section provided a general description of the proposed Multi-Agent architecture. The third section proceeded with the description of the main issues of the distribution model and the interaction model as well as the stochastic distribution model. To evaluate the efficiency of the distribution and interaction models, they were integrated In AIMSUN2 in section four. The obtained results in section five proved the effectiveness of the new model and its relevance to reality.
This research does by no means intend to provide a general or a comprehensive study of the issue; it is just an attempt to shed light on microscopic traffic simulation by adding new dimensions and layers of study. The final results of the this paper proved its efficiency and applicability in real life.
